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in terms of a stepwise mechanism involving a zwiltcrion (10 
or 11), not by a concerted mechanism. 20 Thus the zwittcrions 
(10, 11) arc intercepted by the nuclcophiles at low tempera- 
tures to give the hydroperoxides (3, 6) or rearrange to the 
dioxctancs (8, 9) at ordinary temperature. 22 According to the 
MINDO/3 calculations, the zwittcrion, an initial intermediate 
in cnaminc-singlcl oxygen reaction, has been- predicted to 
undergo rearrangement to a dioxetanc with a relatively high 
activation energy compared to that for other processes such 
as rearrangement to a percpoxidc. (,a If so, it seems very likely 
that the lifetime of the zwittcrions (10, 11) will be longer at 
lower temperature, permitting the trapping reactions more 
efficiently. The product ratio (6/7) is also solvent dependent. 
Polar solvents appear to increase the ratio of (he dioxetane 
mode products (7) to the trapping reaction at least at 20 °C 
(Table !), although the solvent effect is still obscure. It is known 
that polar solvents increase the ratio of dioxetane formation 
toenc reaction. 21 *-* 1 * 23 

In order to get the spectroscopic evidence for the initial in- 
termediate, wc carried out the photooxygenation of 5a at -70 
°C in an N MR cell. The N M R spectrum (-70 °C) of the re- 
action mixture in'CDjOD or CDCI3 had only the resonances 
of 6a. Neither zwiltcrion 1 1 nor dioxetane 9 could be detected 
at the temperature. 24 The spectroscopic studies at —70 °C 
provided no direct evidence in support of the zwittcrions; 
however, we believe that the results described here may rep- 
resent chemical evidence for the intcrmediacy of the zwitter- 
ionic peroxides. 
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Irradiation war. made v/ith a tungsten-bromine lamp through an aqueous 
CuCI 2 -CaCI? fitter solution. 

The hydroperoxide 3a readily decomposed In methanol with r U 2 of ca. 15 
min at 30 °G to give a complex mixture of products including 2 (30% ) and 
polymeric materials. 

All new compounds gave satisfactory elemental analyses and mass spectral 
data. 

Viscous oil: starch -Kl test positive; UV (EtOH) 245. 294 nm; NMR (CDCI3) 
6 1.58 (s, 3 H, Me). 2.90 (s, 3 H, NMe), 3.56 is. 3 H. OMe), 4.45 (s, 1 H, 
NCHO), G.30-7.40 (m. 4 H. arom H). 9.70 (s, OOH). 
Bp 1 10 °C/1 mmlig; UV (EtOH) 24 1 (log < 3.57). ?85 nm (log t 3.20); NMR 
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(q, 2 H. J - 7 Hz. CHjCH : ), 4.50 (s, 1 H, NCHO). 6.30-7.40 (m. 4 H. arom 
H), 9.65 (s, OOH). 

Brief refluxing or standing ( 1 h) at room temperature of tho solutions of 6a 
and 6b gave 6c and 6d, respectively. In quantitative yield. 
Recently. Nakagawa et al. have reported the formation of 6b, 6d, and 
7b in tho photooxygonation of 5b in pyridine-methanol. The spectral data 
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by the dioxetane mechanism, whereas the MINDO/3 calculations^" have 
predicted that polar solvents Increase tho ratio of the rearrangement of . 
zwltterlon (11) to dioxetane (9) in accordance with the experimental re- 
sults. 

Perepoxide such as 12 might also be proposed to explain the formation 
of 6a,b. While perepoxide* have been proposed to rearrange to ene 
products and/or ri^oxetanes. 6,l • ^, there Is no precedent in which perepoxktes - 
have been considered to roact with alcohols or amines. Note that tho 
compounds (1, 5) having allylic hydrogens do not yield Ute ene prod- 
ucts. 
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The NMR spectrum (—70 °C) ol the reaction mixture resulting from the 
photooxygenation of 1 (CO3OO. —70 °C) also showed the presence of 3c 
as a sole product. 

Isao Saito/ Mitsuru Imuta, Yoshiyuki Takahashi 

Sciiclii Matsugo, Teruo Matsuura* 

Deportment of Synthetic Chemistry 

Faculty of Engineering, Kyoto University 

Kyoto 606. Japan 

Received October 26. 1976 



Synthesis of Vane*s Prostaglandin X, 6»9a-Oxido- 
9a,15a-dihydroxyprosta-(Z)5 1 (/f)13-dicnoic Acid 

Sir: . ■ 

Vane and co-workers have recently obtained evidence for 
the formation of a new and remarkably active prostaglandin, 
termed PGX, from the prostaglandin endopcroxides PGGj or 
PGI-^and microsomal fractions of certain tissues, especially 
aorta, arterial wall, and fundus of stomach. 1,2 Vanc\s PGX 
inhibits platelet aggregation as do PGE| and PGDj. but is 
several times more potent; it also causes relaxation of arterial 
smooth muscle. Although no structure was proposed for PGX, 
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the genesis from the PG-endopcroxidcs (e.g., PGH 2 , 1), the 
sensitivity to acid in aqueous solutions (rapidly increasing 
below pH 7), and ils probable intermediary in the formation 
of 6-oxo-PGFia, 1 - 3 all suggest that PGX is an internal enol 
ethqr of the latter, most likely a 6 ( 9-cnol ether 2 t which can 
arise as shown. This possibility has now been confirmed by an 
unambiguous synthesis of PGX from PGF2„ of natural con- 
figuration which also permits the assignment of the Z geometry 
to the 5,6-doubIe bond of PGX as in 2. 

Reaction of ihc 1 1,15-bistctrahydropyranyl ether of pros- 
taglandin F 2rt 4 (3) in THF-chloroform (25 mL/g of 3) with 
1.1 equiv of 7V-bromosuccinimidc at 23 °C for 1 h afforded the 
diaslcreomcric bromo ethers 4 and 5, 5 Although these ethers 
were not readily separable by thin layer chromatography 
(TLC), depyranylation (acetic acid-water-tctrahydrofuran 
3: 1 : 1 at 45 °C for 4 h) afforded the easily separable dihydroxy 
bromo ethers 6 and 7 in a ratio of ca. 3:1 (81% yield overall 
from 3; observed R/ values on silica gel TLC plates with ben- 
zcrie-dioxane-acclic acid 20:10:1 as solvent, 0.23 for 6 and 
0.28 for 7). 5 ThcNMR and infrared spectra of 6 and 7 clearly 
indicate the absence of the m-5,6-o!cfinic unit and the re- 
tention of the trans- 1 3, 1 4-doubie bond. 

Treatment of the major bromo ether 6 with excess potassium 
/erf-butoxide in fp/7-butyl alcohol at 45 °C for 1 .5 h to effect 
elimination of hydrogen bromide, concentration, rapid ex- 
traction of product with ether from a pH 5 aqueous layer 
cooled toO°C,and treatment with diazomclhanc afforded the 
acid sensitive methyl ester of 2. 5 * 6 In contrast the stereoisomer^ 
bromo ether 7 was recovered virtually unchanged after expo- 
sure to potassium /*>r/-butoxidc under the conditions outlined 
above. These results indicate that the proton attached to C-6 
in the bromo ethers 6 and 7 arc exo and endo (i.e., less stcrically 
hindered and more hindered), respectively, relative to the bi- 
cyclic nucleus, and together with the well-known trans addition 
pathway for bromo ether formation allow designation of the 
stereochemistry of 6 and 7. Further, the trans-coplanar course 



of Hi elimination from^thich clearly would be followed 
here) must produce the iflpmictry of the 5,6-doubIe bond as 
shown in formula 2. Thus,Tftc prostanoid 2 is readily available t 
from 3 by an unambiguous and stercoconti oiled synthetic 
rqulc. 

Independent evidence for structure 2 was obtained by the 
extremely facile and clean hydrolysis of the methyl ester of 2 
(inTHF-0.01 M hydrochloric acid 3:1 at 23 °C for lOmin) 
to a more polar substance of R/ 0.17 in ether-acetone (3:1), 
which was characterized as 6-kcto-PGF )(t methyl ester by 
conversion to the known* O-bcnzyloximc derivative. 3 ^ 7 

Samples of 2 were obtained for bioassay as the pyrrolidine 
salt by prompt treatment of the cold ethereal extract (described 
above) with 2-3 equiv of pyrrolidine, rapid concentration <0 
°C under vacuum and storage at —78 °C in the presence of a 
little potassium carbonate. Solutions for biological testing were 
prepared by addition or cold (-78 °C) cthanol to the pyrrol- 
idine salt and then adding an aliquot of this standard ethanolic 
solution (kept at -78 °C) to cold (0 °C) aqueous bicarbonate 
solution (pH 8.5-9) or pi I 9 Tris buffer. 
' Bioassays of synthetic 2 in two different laboratories dem- 
onstrated all the biological properties previously described for 
Vane's PGX. 1 - 2 - 8 

The case of deactivation of PGX (2) by spontaneous hy- 
drolysis to 6-kcto-PGF,',, places limits on the kinds of experi- 
ments which can be performed with this substance and it is 
obviously desirable to s ynthesize close structu ral a nalog ues of 
PGX which lack the labile enol ether lunction ol i. 'i oward this 
end we have synthesized both of the 6-cpimeric 5,6-di hydro., 
derivat ives (8) of PGXj ind both of the 6-cpim eric £-A° iso- 
i ycrsj §). The two C-6 epimers of 8 s were obtained from 3 
(90% overall yield) by the sequence: (a) reaction with 1 .2 equiv 
of mercuric trifluoroacetatc in TH F-CaCOj at 23 °C for I h, 
(b) treatment of the 5-mercuri-6,9-elher with excess sodium 
borohydridc in cthanol at -20 °C for I h, and (c) depyrany- 
lation (acetic acid -THF- water 3:1:1 at 45 °C for 4 h). 
Chromatographic separation afforded a major and a minor 
product (ratio 3.8:1) having values of 0.21 and 0.23 (silica 
gel plates, bcnzene-dioxanc-acetic acid 20:10:1). By analogy 
with bromo ether formation from 3 t the major isomer of 8 is 
expected to have the appendage at C-6 in the endo orienta- 
tion. 

The two C-6 epimers of 9 were synthesized from 3 by the 
• sequence (a) reaction with 1.2 equiv of benzeneselenenyl 
bromide and I equiv of calcium carbonate in THF at -20 °C 
for 10 min and 0 °C for 1 h, (b) depyranylation, as described 
above, and (c) reaction with 10 equiv of hydrogen peroxide in 
THFat 0 °C for 16 h. The two epimers of 9 5 (ratio 1:1, 69% 
overall from 3) could be separated chromatographically (R/ 
values 0.21 and 0.26 in bcnzene-dioxanc-acetic acid 20:10:1 
solvent system on silica gel plates). 

The results of biological studies with the PGX analogues 8 
and 9 will be reported later. 9 - 10 
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Mixed Charge Exchange-Chemical Ionization Mass 
Spectrometry of Polycyclic Aroma tic Jiydrocarbons 

Sir: 

The exact structural identification of polycyclic aromatic 
hydrocarbons (PAH) and their alkylated derivatives is a dif- 
ficult problem, particularly when they arc encountered as 
complex mixtures. The analytical power of mass spectrometry, 
which has had wide application in this field,*" 4 has been limited 
because electron impact mass spectra of isomeric PAH are 
almost identical. The purpose of this note is to report that 
charge exchange-chemical ionization mass spectrometry, using 
an argon-methane reagent gas, 5 easily differentiates PAH 
isomers. 

The mass spectra of a scries of PA H were measured with a 
Hewlett-Packard 5982A gas chromatographic-mass spec- 
trometer system by injecting approximately 200 ng of each 
compound (dissolved in methylene chloride) on a 180 X 0.32 
cm o.d. stainless steel column packed with 3% Dexsil 300 on 
80/ 1 00 mesh Chromosorb W. The reagent gas mixture ( 1 0% 
methane in argon) served as the carrier gas for the gas chro- 
matographic column which was held isothermally at a tem- 
perature appropriate to each sample being analyzed. The mass 
spectrometer was continuously scanned from 50 to 350 amu 
at 81.2 amu/s. The ion source pressure was 0.8 Torr and its 
temperature was 170 °C. Data were collected and processed 
by a HP 5933A data system. Precautions were taken to assure 
the absence of water vapor in the ion source, since water is an 
excellent proton donor and can greatly increase the abundance 
of the protonalcd molecular ion. In these experiments, there 
were no observable traces of water vapor (m/e 1 8 or 1 9). 

The resulting mass spectra showed considerable differences 
in the relative abundances of the molecular (M + ) arid pro- 
tonatcd molecular (M + 1 + ) ions when different PAH isomers 
were analyzed. Table I lists the compounds analyzed in this 
study, the resulting ratio of the abundance of the protonalcd 
molecular to molecular ion ((M + I)/M), and the first ion- 
ization potential of each compound. It is obvious from this table 
that the (M + l)/M ratio has a high positive correlation with 
ionization potential (r = 0.877, P « 0.01 ). This trend is con- 
sistent with the expectation that as the ionization potential 
increases, charge transfer processes will be less effective for 
electron extraction while at the same time prolonalion becomes 
more favorable. 

This technique should be quite useful for the elucidation of 



Table I. Abundance Uatio.s^j^Llcclcd I'M I Obtained by Cll 4 - 
Ar Chemical Ionization M aliped mm ctry 



Abundance 
First ionization ratio. 
Compound Formula potential (cV) u (M + IJ/M'* 



Pcntaccnc 


C 22 lf 14 


6.42 


0.32 


Tctraccnc 


C,hH i2 


6. 88 


0.45 


Anthanthrcne 


C 22 H, 2 


7.02 


0.38 


Pcrylcnc 


C20M 1 2 


7.03 


0.32 


lien zo (a Jpyrcne 


cyiu 


7.17 . 


0.73 


Anthracene 


Cj^l 1 10 


7.42 


0.K2 


Bcnz[a Janthraccnc 


C t(J n, 2 


7.47 


0.83 


Dibcnz[a./r]anthra* 


CjjHh 


7.55 


0.95 


cene 








Pyrcnc 


Cit,Hio 


7.56 


0.73 


Coroncne 


C24II12 


7.58 


0.66 


Benzol<»]pyrcne 


C20H.2 


7.58 


0.82 


Accnaphthcne 


C12H 10 


7.70 


1. 00 


Chryscne 


Ci 8 M, 2 


7.74 


1.26 


Fluoranlhene 


C,gII,o 


7.76 


1.57 


Fluorene 


CnH, 0 


7.86 


1.66 


Accnaphthylene 


. C, 2 H 8 


8.02 


1.34 


Phcnanthrcnc 


CmMio 


8.02 


1.59 


Triphcnylene 


C I8 H,2 


8.11 


1.73 


Naphthalene . 


C,oH 8 


8.14 


1.68 


Benzene 


C 6 H 6 


9.29 


5.79 



a Values were averaged from experimental data found in ref 6-8; 
their variability was usually less than ±0.1 cV. * The reproducibility 
of these measurements was ±4% over a 3-month period. The ratios 
have been corrected for the natural abundance of ,3 C. 
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Figure I. Plot of the abundance ratio ((M + I )/M) obtained by Cll 4 Ar 
chemical ionization mass spectrometry as a function of ionization potential 
(IP) for a series of four tetracyclic polycyclic arotmitic hydrocarbons: I, 
tetracenc; 2, benzta]anthracenc; 3 t chrysene; 4, triphcnylene. 

specific isomeric structures of PAH. By using a mixed charge 
exchange-chemical ionization reagent gas, such as described 
here, different mass spectra can be obtained for most PAH 
isomers while conventional mass spectral techniques provide 
little differentiation. This fact is demonstrated by the series 
of tetracyclic compounds shown in Figure l.Thc(M 4- l)/M 
ratio of each compound is plotted as a function of its first 
ionization potential. It is interesting to note that this abundance 
ratio increases from 0.45 to 1 .73 as the isomer becomes more 
nonlinear, making differentiation quite easy. If a standard 
PA M compound were not available, it seems probable that the 
mass spectrum of that compound could be predicted from its 
ionization potential. The ability to calculate ionization po- 
tentials from molecular orbital theory 7 - 8 offers considerable 
promise for the future identification of presently unknown 
PAH. 
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